Overweight and micronutrient deficiencies have manifested in the same individuals. This study investigated the association among iron deficiency (ID), anemia, and weight status among nonpregnant Colombian females aged 13-49 y (n = 3267). Data from the 2005 National Survey of the Nutrition Situation were used. The prevalence of ID (plasma ferritin <12.0 mg/L; individuals with CRP >0.012 g/L excluded) and anemia (altitude-adjusted hemoglobin <120 g/L) was estimated separately. The likelihood of having ID or anemia was tested as a function of overweight (BMI-age Z-score 1-1.9 SD for 13-17 y, BMI 25.0-29.9 kg/m 2 for 18-49 y) and obesity ($2 SD for 13-17 y, $30 kg/m 2 for 18-49 y) using multivariate logistic regressions accounting for survey design. Additionally, demographic predictors of combined oveweight/obesity with ID or anemia were identified. The prevalence of overweight and obesity was 29.2 and 13.1%, respectively, whereas that of ID and anemia was 16.1 and 32.5%, respectively. Contrary to previous reports, overweight and obese women had a lower likelihood of anemia [OR (95% CI) = 0.8 (0.7, 0.9) and 0.8 (0.6, 1.0), respectively] than normal-weight women. Overweight/obesity combined with ID or anemia was present among 6.3 and 12.8% of women, respectively. Although overweight and obesity were associated with a lower likelihood of anemia, a sizeable group of women was identified as experiencing both over-and undernutrition. Because of the potential for exacerbated health problems in the presence of over-and undernutrition, these conditions should continue to be monitored. J. Nutr.
Introduction
Two decades ago, developing countries dealt almost exclusively with addressing the problem of undernutrition. Now, there is concern over the growing prevalence of obesity (1) (2) (3) . The potential consequence of this trend is an overlap between overand undernutrition not only in households (4, 5) but also in individuals (6) . Latin America is an example of the increasing prevalence of adult overweight and obesity in developing countries (1) . Mexico went from 10-19% overweight/obesity among adults in the 1970s to >50% in 2000-2005; in Bolivia and Peru, adult overweight affects >40% of the population (1) . In a semi-urban community in Mexico, the prevalence of overweight/ obesity among women of reproductive age doubled in less than a decade (7) . In Colombia, according to a 2005 survey, 12.3% of adolescent girls and 49.6% of adult women were overweight or obese (8) .
Compromised iron status, as indicated by iron deficiency (ID) 7 and anemia, also disproportionately affects women. The causes of ID and anemia are multi-factorial and include inadequate intake of iron-dense foods, consumption of staple foods that are poor iron sources or contain iron absorption inhibitors (9) , parasitic infections (10) , and vitamin deficiencies (11) . In Latin America, the prevalence of anemia is high in rural regions but is increasing among urban women, possibly due to the consumption of nutrient-poor foods and restrictive eating patterns (12) .
The coexistence of overweight and undernutrition has been documented within households (4, 5) and now evidence is emerging that overweight and ID may be manifested in individuals. One study reported inverse associations between serum iron and BMI, waist circumference, and fat mass in Hispanic women (13) . In a representative sample of U.S. women, serum iron was also inversely associated with BMI (14) . Several other studies have demonstrated this phenomenon in adults (13, (15) (16) (17) and children or adolescents (17) (18) (19) (20) (21) in populations from industrialized and low-income countries. However, 3 recent reports show no such relationships with iron status (22, 23) or anemia (24) .
Several mechanisms have been proposed for the overlap between ID/anemia and overweight or obesity (25) , including higher iron requirements of obese individuals and the consumption of energy-dense foods that are poor sources of iron. However, these explanations appear less likely in light of new evidence that ID may result from poor iron absorption and/or utilization due to obesity-related inflammation (17, 26, 27) . It is thought that the inflammation that accompanies obesity affects the concentrations of the iron-regulating peptide hepcidin. The hepcidin concentration should decrease during ID and increase when iron concentrations are normalized (28) . Instead, in obese individuals with ID anemia, hepcidin concentrations remain high (29, 30) and potentially reduce iron absorption and the response to iron therapy (29) .
With the exception of 5 reports (17, 18, 21, 23, 24) , most studies examining the relationship between iron status and overweight or obesity were conducted in developed countries, with mixed findings. Some studies showed associations between overweight and low iron status (17, 18, 21) , whereas others reported no such relationships (23, 24) . Consequently, there is a limited understanding of the relationship between overweight and suboptimal iron status in developing countries, where more people, particularly women, have ID or anemia. Based on a national nutrition survey conducted in Colombia, this study will contribute to the body of evidence on overweight as a potential predictor of poor iron status in adult populations from lowincome countries. Specifically, this study tested the hypothesis that Colombian women of reproductive age who experience overweight or obesity have a higher likelihood of also experiencing ID or anemia. A secondary objective, one with programmatic implications, was to determine the prevalence and demographic predictors of combined ID or anemia and overweight in these women.
Materials and Methods
ColombiaÕs National Survey of the Nutrition Situation. The Encuesta Nacional de la Situación Nutricional en Colombia 2005 (ENSIN) is a nutritional evaluation of 37,211 households from 32 departments and the capital city of Colombia (8) . The ENSIN 2005 was carried out together with the National Demographic and Health Survey (31) by Profamilia, a nonprofit organization focusing on reproductive health. Subsamples were randomly drawn to estimate departmental-, subregional-, regional-, and/or national-level estimates of specific nutrition problems among individuals 0-64 y. For anthropometry, all persons 0-64 y in the household were measured for weight and height (n = 158,454); this module had a 74.3% response rate (8) . For biochemistry, venous blood was taken from preschool and school-age children, and pregnant and nonpregnant women 13-49 y old.
Exclusion criteria. The following individuals were excluded from the current analysis: males; females <13 or >49 y; pregnant women; and those lacking ferritin, hemoglobin, weight, or height data (Fig. 1) . Women with underweight [BMI <18.5 kg/m 2 or BMI-for-age Z-score (BAZ) < 22 SD] were also excluded, because the objective was to determine whether overweight or obesity was associated with poorer iron status compared with normal-weight individuals. Altogether, 3267 women were selected for inclusion. Assessments. Anthropometric measurements were conducted by trained nutritionists during household visits, using standard methods and equipment that was calibrated daily (8) . For biochemical indicators, trained phlebotomists collected nonfasting venous blood samples. Hemoglobin concentrations were immediately assessed via HemoCue analyzer (HemoCue). The instrument was calibrated daily and every 20 measurements using HemoCue controls. Blood was collected into heparin-coated tubes for the separation of plasma. Tubes were centrifuged at 3000 3 g for 10 min and stored at 270°C until analysis. Plasma ferritin (PF) and C-reactive protein were measured at the INS using chemoluminescence (ADVIA Centaur, Siemens) and turbidimetric (ASC-180, Bayer Diagnostics) assays, respectively (8) . Sociodemographic information on family members was collected through interview of an adult key informant from the household.
Variable creation. Two separate primary outcome variables were created: ID was defined as PF <12.0 mg/L (8) and anemia was defined as hemoglobin <120 g/L (8) based on an altitude-adjusted hemoglobin value (32) . In addition, body mass categories were created, as follows: 1) normal weight (reference group) defined as BAZ 22-0.9 SD in adolescent girls and BMI 18.5-24.9 kg/m 2 in adult women; 2) overweight, as BAZ 1-1.9 SD for adolescent girls and BMI 25.0-29.9 kg/m 2 for adult women; and 3) obesity, as BAZ $2 SD for adolescent girls (33) and BMI $30.0 kg/m 2 for adult women (8) . BAZ was calculated for girls 13-17 y of age using WHO growth references for adolescents and employing a WHO macro for STATA.
To determine the prevalence and predictors of combined under-and overnutrition (secondary analysis), 2 additional outcome variables were created: ID combined with overweight/obesity and anemia combined with overweight/obesity. Here, overweight/obesity was defined as BMI $25 kg/m 2 or BAZ $1 SD.
Selection of explanatory variables. The following demographic characteristics were used as potential explanatory variables for both the primary and the secondary analyses: womanÕs age, employment status (yes/no), employment type (employed, unemployed, studying, or engaged in housework), highest education level (preschool/primary, secondary, or postsecondary), health self-assessment (excellent/very good, good, regular/bad), a reported doctorÕs visit in the last year (yes/ no), marital status (never, currently, or ever married), relationship to the head of household (self, wife, other), sex and age of the head of household, household location (region of the country, urban/rural), Sistema de Identificación de Potenciales Beneficiarios de Programas Sociales (Identification System of the Potential Beneficiaries of Social Services; SISBEN) level, total number of children born to the woman, number of children <5 y in the household, and current breastfeeding status (yes/no). The SISBEN level was calculated for each household participating in the ENSIN based on the Colombian governmentÕs definition, which uses >30 variables (e.g., construction materials for home, access to potable water, socioeconomic strata, ownership of goods, having health insurance) (34) . Households with SISBEN levels 1 or 2 are the most vulnerable and targeted in social programs. Here, SISBEN level 4 includes levels 4-6 and is considered the least vulnerable sector of society.
Handling of CRP. Because combined ID and overweight is one of the outcomes of interest and because infection/inflammation may affect iron storage indicators, the information on CRP concentrations had to be taken into account in the analysis. Three ways of handling the CRP were considered: 1) leave ID data unadjusted; 2) exclude individuals with elevated CRP [in ENSIN, >0.012 g/L (1.2 mg/dL) (8) The primary analysis was conducted to understand what demographic characteristics were associated with ID and anemia in Colombian women of reproductive age (model 1) and whether overweight or obesity (model 2) was associated with a higher likelihood of having ID or anemia compared with normal weight. A secondary analysis was carried out to determine the prevalence of combined overweight/obesity and ID as well as combined overweight/obesity and anemia and to identify predictors of the combined conditions in multivariate models. Findings are presented as OR (95% CI) and were considered significant at P < 0.05.
To identify the final set of predictors for multivariate modeling, bivariate analyses between the primary and secondary outcomes and each explanatory variable were conducted. A predictor was selected for inclusion in the multivariate models if it was associated with the outcome of interest at P < 0.20. The complex survey design was taken into account in all analyses by using StataÕs ''svy'' command. Data were analyzed using Stata version 10 (StataCorp).
Results
The sample for this analysis (n = 3267) was composed of adolescent girls aged 13-17 y and adult women aged 18-49 y. The women included in the analysis differed (P < 0.05) from those who were excluded (n = 1469) on several demographic characteristics. In addition to being significantly older, those included had higher BMI (mean 6 SD: 24.7 6 4.7 vs. 21.7 6 5.6 kg/m 2 ) and hemoglobin (123 6 13 vs. 118 6 12 g/L) and PF (39.3 6 37.2 vs. 33.7 6 24.8 mg/L) concentrations, were less likely to come from SISBEN level 1 (31.7 vs. 42.1%), were more likely to live in an urban area (81.0 vs. 72.9%), had more children ever born (1.8 6 2.0 vs. 1.7 6 1.9), and were more likely to be currently breastfeeding (11.8 vs. 9.9%). Most of these differences can be explained by having excluded pregnant and underweight women, who tended to be younger and were more likely to experience ID and/or anemia and elevated CRP.
Overweight was identified among 29.2% of the women and obesity among 13.1% (thus, 42.3% of women had elevated BMI). Normal-weight women differed from those who were overweight and obese on population estimates of hemoglobin, PF, and CRP; all these indicators are higher with increasing BMI ( Table 1) . BMI in adult women (but not adolescent girls) was positively correlated with CRP, PF, and hemoglobin concentrations. PF and hemoglobin were positively correlated as were PF and CRP ( Table 2) . Older age, poor estimation of own health, being married, having only preschool/primary education, being currently employed, having an older head of household, being the head of household or wife of the head of household, living in an urban setting, and having had multiple children were all 1 Values are estimated population mean (95% CI). BAZ, BMI-for-age Z-score; ENSIN, Encuesta Nacional de la Situación Nutricional (National Survey of the Nutrition Situation); PF, plasma ferritin. *P , 0.05, **P , 0.01. 2 In adolescent girls, the 3 BMI categories were defined as follows: BAZ 22-0.9 SD; BAZ 1-1.9 SD; BAZ $2 SD. 3 Normal weight used as reference category. 4 BMI estimated for adult women only. 5 BAZ estimated for adolescent girls only.
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by guest on October 15, 2017 jn.nutrition.org associated with a higher prevalence of being overweight or obese in this population (Supplemental Table 1 ). Altogether, 16.1% of the women had ID and 32.5% had anemia. The prevalence of ID or anemia did not differ as a function of age (Supplemental Table 1 ). A higher prevalence of ID was found in the Atlantic and Pacific regions. Women who visited a doctor in the previous year also had a higher prevalence of ID compared with women who did not seek medical help. Having had any children was related to a higher prevalence of ID. Several factors were associated with higher prevalence of anemia (Supplemental Table 1 ), including being currently unemployed; being from a household with a low SISBEN level; living in the Atlantic region, Bogotá, or the Orinoco and the Amazon; living in a large household; having a greater number of children <5 y old in the household; having had a larger number of children; and currently breastfeeding. In turn, overweight and obesity were linked with a significantly lower prevalence of anemia compared with normal-weight women (Supplemental Table 1 ). In multivariate models, after adjusting for relevant covariates, being overweight was associated with a 20% lower likelihood of having anemia; being obese was also associated with a 20% lower likelihood of having anemia compared with normal weight (P < 0.05) ( Table 3 , model 2). Overweight or obesity was not associated with the likelihood of ID.
Although BMI was not significantly associated with ID and was related to a lower likelihood of anemia in this population, a sizeable group of women was identified as having high BMI together with compromised iron status. Specifically, ID was present together with overweight/obesity among 6.3% of the women, whereas 12.8% had anemia together with overweight/ obesity. The prevalence of these combined conditions was associated with several demographic factors (Supplemental Table 2 ). Notably, the prevalence of the combined conditions was higher with older age, such that 13.5% of women aged 45-49 y had ID together with overweight/obesity (compared with 2.1% of 13-17 y olds) and 21.0% had anemia together with overweight/obesity (compared with 7.6% of 13-17 y olds).
In multivariate logistic regression models, being older than 13-17 y and having borne any children was associated with a higher likelihood of having ID together with overweight/obesity, whereas ever being married and having a postsecondary education was associated with a lower likelihood (Supplemental Table  2 ). Women who had older heads of household had a higher likelihood of having anemia together with overweight/obesity, whereas having a relationship to the head of household other than self or wife was associated with a lower likelihood of having anemia together with overweight/obesity. Women residing in rural areas or regions of the country other than the Atlantic had a lower likelihood of having anemia together with overweight/obesity. 
Discussion
With increasing prevalence of overweight and the continued problem of micronutrient deficiencies in developing countries, there is growing concern over the double burden of over-and undernutrition in individuals, which could result in heightened susceptibility to chronic disease and reduced wellbeing. In developed countries, a double burden of ID (or anemia) and overweight has been documented, but reports from developing countries are scarce. This is one of the first studies of combined overweight and ID (as opposed to anemia) in a large nutrition survey in women from a developing country. Among nonpregnant Colombian women aged 13-49 y, overweight and obesity were associated with a lower likelihood of anemia. This is contrary to previous reports of overweight being associated with poorer iron status in adults and children in developed countries (13, 15, 16, 19, 20) . There are other investigations of the overlap between overweight and anemia in developing countries, including in adult women using large, nationally representative nutrition/ demographic surveys from Mexico, Peru, and Egypt (24) and in a sample of adolescent girls from Iran (21) . In the multi-country study, overweight women from Egypt and Peru were less likely to experience anemia than nonoverweight women, a finding that is consistent with the results presented here (24) . In Mexico, there was no association between overweight and anemia, possibly due to a lower prevalence of anemia (23% compared with~30% in the other 2 countries). In Colombian adult women participating in ENSIN 2005, the prevalence of anemia was 32.5%, somewhat higher than in the other populations, but the prevalence of overweight/obesity, at 42.3%, was lower compared with Peru (52.3% in 2000), Mexico (59.3% in 1998), and Egypt (77.3% in 2000). Finally, the prevalence of combined overweight/obesity and anemia in the adult women ranged from 25% in Mexico to~30% in Peru (24) compared with 12.8% among adult Colombian women. Among Iranian adolescent girls with a BMI $95th percentile, hemoglobin concentrations were lower than in underweight girls (BMI <5%) or those at risk for overweight (defined as 85% $BMI <95%) (21) .
In contrast to other reports, higher BMI in this study was not associated with the likelihood of having ID among women of reproductive age. In a study of Iranian girls, 24.8% were overweight (20.2% among Colombian adolescents); although overweight was associated with a lower prevalence of ID, it was the overweight girls who had the highest prevalence of ID anemia (21) . Obesity was associated with a higher likelihood of ID in Mexican children and nonpregnant women participating in the Mexican Nutrition Survey (17) . Finally, in a nationally representative sample from the US, overweight adolescents also experienced an increased likelihood of ID (19) .
There is no clear explanation for the null association between overweight and iron status in this study. If overweight produces an inflammatory response that affects iron absorption, there is no reason to suspect that Colombian women would experience any less inflammation due to being overweight/obese than other population groups or that their iron absorption would be affected differently. Therefore, one possible explanation is that although observed in the same individuals in developing countries, underand overnutrition remain fairly separate phenomena in the Colombian women and there is not enough overlap to detect significant relationships. Another possibility is that the diets of the majority of overweight/obese women in Colombia include rich sources of iron, in which case, higher energy consumption would be protective against ID or anemia. However, the increasing prevalence of anemia among urban women from Latin American countries (12) suggests that iron intake in these women is not adequate despite higher calorie intake. To better understand the findings of this study, it would be important to examine the diet practices and physical activity levels of the women to identify potential determinants of low iron status and overweight.
Nevertheless, this study indicates that 6.3% of the women experienced ID together with a BMI $25 kg/m 2 and 12.8% had both anemia and high BMI. Two predictors of this combined condition deserve some mention. First, in multivariate models, increasing age of the women was associated with a higher likelihood of ID together with a BMI $25 kg/m 2 (with 45-49 y olds being ;6 times more likely than adolescent girls to experience this condition). This was likely due to the drastically higher prevalence of overweight among older women. Second, region of the country other than the Atlantic was strongly related to a lower likelihood of overweight/anemia. This is likely because the Atlantic region has the highest prevalence of anemia and is considered the poorest region in the country (36) . From a programmatic standpoint, older age and region of the country are perhaps the most relevant predictors of combined under-and overnutrition in Colombian women of reproductive age, because they suggest where programs may need to be targeted geographically and which population groups may benefit most.
This study identified a sizeable group of nonpregnant Colombian women as being affected by overweight/obesity with ID (6.3% of the population) and overweight/obesity with anemia (12.8% of the population). In comparison, the proportion of Colombian population suffering from the chronic condition of type 2 diabetes is estimated at 1.4-7.5%, depending on locality and data source (37, 38) . Furthermore, the prevalence of combined overweight/ obesity and ID as well as combined overweight/obesity and anemia increased with age, reaching 13.5 and 21.0%, respectively, among women 45-49 y. If the total population of Colombia in 2004 (45,312,975 people) (8) consisted of roughly 29% (39) of women of reproductive age, then~828,000 and 1.7 million women would have experienced overweight/obesity with ID and overweight/ obesity with anemia, respectively. Thus, the double burden of overand undernutrition among Colombian women, particularly in middle age, is not trivial and should be carefully monitored.
The public health implications of these overlapping conditions for women of reproductive age remain to be investigated, but the potential health consequences are high and may be related to depression [see (40, 41) and (42) in regard to overweight and (43, 44) ; for anemia and ID see (45, 46) ], and child development or the provision of child care [for overweight, see (47, 48) ; for ID, see (49, 50) ]. Thus, women with combined under-and overnutrition may experience additional or more detrimental (and potentially intergenerational) health consequences than women with each condition alone.
The findings of this study need to be interpreted in light of its strengths and limitations. An important strength is the use of data from a recent, large survey of nutritional status from a national sample, which allows for the estimation of the prevalence of overweight/obesity together with ID or anemia for Colombian women of reproductive age and the investigation of various predictors of these combined conditions. Additionally, in contrast to other national surveys, this provides information on overweight/obesity and ID instead of just anemia. On the other hand, limitations include the cross-sectional nature of the survey, which does not allow for the examination of potential causal relationships between ID/anemia and BMI or of changes in the prevalence of the combined conditions. Due to the design of the ENSIN, we were unable to include additional markers of inflammation/subclinical infection. Recent evidence suggests that adipose tissue produces a variety of inflammatory markers, such as IL-6 (51). In addition, leptin released by adipose tissue stimulates the production of hepcidin (29) . Typically reduced in ID/anemia, hepcidin that remains high in the presence of obesity would not promote iron absorption. This dysregulation of hepcidin may partly explain the existence of ID in obese individuals (26, 29) and points to the need to account for several inflammatory markers in the study of iron status and overweight/obesity. On a related note, we also did not have markers of iron status that are less influenced by inflammation or that better indicate iron utilization. The inclusion of these biomarkers would have strengthened this study.
In summary, overweight and obesity were associated with a lower likelihood of anemia in a large sample of Colombian women. However, a sizable group of women experiencing combined underand overnutrition was identified, with increasing age being an important risk factor. It is important to understand whether similar or changing trends are revealed in future nutrition surveys in Colombia. An increased prevalence of combined overweight/obesity and micronutrient deficiencies would warrant prevention and education efforts as well as the investigation of potential causes of this phenomenon.
